The haemodynamic effects of intravenous morphine sulphate (0 2 mg/kg body weight) were measured in 10 patients with acute myocardial infarction complicated by severe left ventricular failure. Fifteen minutes after morphine injection there was a significant fall in mean heart rate (from 108 to 101 beats/min) and mean systemic arterial pressure (from 80 to 65 mm Hg), and a small fall in mean cardiac index (from 2-4 to 2-2 1/min/m2). Haemodynamic changes at 45 minutes were similar. Neither stroke index nor indirect left ventricular filling pressure (measured as pulmonary artery end-diastolic pressure) were consistently improved 15 or 45 minutes after injection.
Introduction
Left ventricular failure complicating myocardial infarction is usually treated with morphine because of the beneficial action of this drug in relieving cardiac pain and dyspnoea. Although the haemodynamic effects of morphine in acute myocardial infarction are well defined,'-4 we are not aware of any study restricted to patients with severe left ventricular failure. Thus morphine's mechanism of action in this condition is not known,a but extrapolation from experimental studies6-8 and evidence in man9-11 suggests that peripheral venous pooling with consequent reduction of left ventricular filling pressure may be important. We attempted to determine how effectively intravenous morphine could reduce left ventricular filling pressure in patients with acute myocardial infarction complicated by severe left ventricular failure.
Patients and methods
Ten male patients were studied within 72 hours of admission to the coronary care unit. Their average age was 69 years (range 55-85). All showed electrocardiographic evidence of acute infarction (two inferior and eight anterior), were in sinus rhythm, and showed radiographic evidence of pulmonary oedema. Five Mean serum morphine concentrations at 15 and 45 minutes were 0-32 and 0 20 mg/l respectively. The seven patients for whom results at four hours were available had considerably lower morphine concentrations at that time (mean 0-09 mg/l); this was reflected by a tendency for haemodynamic variables to revert towards control values (table III) . Table IV shows that urine output, measured in six patients, declined from a mean of 59 to 33 ml,/h over the four hours after the morphine injections. 
Discussion
Morphine is an effective analgesic in patients with acute myocardial infarction, and in the presence of pulmonary oedema will often relieve distressing dyspnoea. How morphine acts in pulmonary oedema is not known. The subjective effects due to respiratory depression and relief of anxiety are generally believed to be useful.13 Many investigators6-8 regard reduction of venous tone with pooling of blood in the systemic circulation as of prime importance; this would lead to reduced venous return to the right heart and reduced right ventricular output, which would allow the failing left ventricle to operate at a lower filling pressure. There is little compelling evidence, however, that morphine causes either major venous pooling in the systemic circulation9 10 or significant reduction of left ventricular filling pressure in patients with severe coronary artery disease.4 1416 The patients we investigated had suffered a recent acute myocardial infarction and differed from those studied elsewhere in that they all had severe pulmonary oedema. We found no significant reduction in indirect left ventricular filling pressure (measured as pulmonary artery end-diastolic pressure), so it is unlikely that morphine causes appreciable systemic venous pooling unless the drug concurrently impairs myocardial performance.
We believe that this combination of effects may occur to a small degree. The appreciable reduction in mean systemic arterial pressure induced by morphine in our patients was probably caused partly by peripheral arteriolar dilatation.9 17 If this had been the only effect the reduction in left ventricular afterload would have increased cardiac output, yet we observed a small fall. This apparent paradox is resolved by the findings of Zelis et al,9 who concluded that the peripheral arteriolar and venous dilator effects of morphine are mediated by attenuation of sympathetic efferent discharge in the central nervous system. Thus in our patients any tendency for cardiac output to increase with reduction of afterload would be counteracted by withdrawal of sympathetic drive to the myocardium, as reflected by the significant reduction in heart rate after administration of morphine. In severe heart failure myocardial sympathetic withdrawal may thus impair myocardial performance, which may contribute to the hypotensive effect of the drug.
Withdrawal of sympathetic drive to the failing heart and systemic venodilatation would tend to have opposing actions on left ventricular filling pressure, with little resultant change in the pulmonary artery end-diastolic pressure if both actions were of a similarly small degree. Our results, therefore, do not exclude some venous pooling,'8 but this cannot be of major haemodynamic importance.
The reduction in urine output after administration of morphine probably reflects the drug's stimulation of antidiuretic hormone secretion. ' Light micrographs of wedge biopsy specimen of liver. Top: Portal space with round-cell infiltration and scattered liver cell necrosis. Bottom: Bile plugs in canaliculi (arrowed), swollen Kupffer cells, and evidence of anisocytosis. Haematoxylin and eosin x 100 (original magnification).
Case report
A 69-year-old woman was admitted to hospital in 1976 with cholestatic jaundice. One month before she had been treated with nitrofurantoin for a urinary tract infection. Pneumonia was then suspected and she was given ampicillin and cloxacillin. Two weeks before admission she had begun to itch, and a few days later jaundice appeared.
On admission she had a normal temperature and showed signs of scratching all over her body. The liver was enlarged 3 cm below the costal margin and had a span of 15 cm. The spleen was not palpable. Haemoglobin concentra-
